The etiology of NIHF could be determined in 91 cases (60.3%), while it remained undefined in remaining 60 cases. The most commonly associated pathological conditions were cardiovascular malformations (11.3%), followed by chromosomal abnormalities (9.3%). Prior to 20 th gestation week, genetic anomalies and cystic hygromas were the most common etiological factors, and after 30 weeks of gestation, cardiac abnormalities were found to be the most common causes. With time, the rate of undefined cases decreased from 48.4% to 33.75%. NIHF is a complex medical condition necessitating a multidisciplinary management approach. Progress in molecular genetics and imaging techniques is expected to improve diagnostic performance for rapid and better identification.
Hydrops fetalis (HF) is defined as excessive accumulation of fluid in two or more fetal compartments including the skin, pleura, pericardium, placenta, and/or peritoneum. 1, 2 HF is associated with a wide spectrum of pathological conditions and is clinically classified into immune and non-immune HF. 3, 4 Recently, it has been shown that approximately 90% of HF cases can be categorized into the non-immune group, especially after anti-D prophylaxis has started being routinely administered to rhesusnegative pregnant women, which has led to prevention of immune HF. 5 The incidence of non-immune hydrops fetalis (NIHF) is 1 in 2000-3500 live births. 6, 7 NIHF is caused by a heterogeneous group of conditions that present as various signs and symptoms, such as liver failure, heart failure, and reduced lymph flow. 3, 8 In most cases, prenatal ultrasonography can detect the features associated particularly with this condition. 9, 10 Identifying NIHF etiology is important, especially in cases that require intrauterine interventions. 11, 12 Fetal autopsy is critical in definitively diagnosing and/ or confirming the etiopathogenesis of NIHF cases. 8, 13 We aimed to demonstrate the importance of performing a fetal autopsy for the evaluation of NIHF cases. Additionally, we compared the data of the fetuses identified with NIHF between 1980-2004 and between 2005-2015 to indicate the diagnostic progress that has been achieved in this field.
Material and Methods
We studied fetal autopsy results of 179 HF cases and found that 84.4% (151/179) of them were NIHF cases. Hacettepe University Hospital Registry was used to obtain the necessary data (fetal autopsy results, laboratory test results, and demographic features, among other information) during two periods (1980-2004 and 2005-2015 This study was approved by the ethical committee of Hacettepe University with number of GO-918. All parents were informed about the autopsy and written consent was obtained.
All statistical analyses were performed using SPSS version 22.0 software (SPSS Inc., Chicago, IL, USA). Descriptive statistics were presented as frequencies and percentages. Categorical variables were analyzed using the Pearson chi-square test and the Fisher exact test. A P value of < 0.05 was considered statistically significant.
Results
We retrospectively evaluated autopsy results (n=4377) of the fetuses operated on between 1980 and 2015. We found 179 cases with HF and 151 (84.4%) among them were NIHF cases.
Mean gestational age at the time of autopsy was 25 weeks (range 11-39 gestational weeks). Mean maternal age was 26.9 years (range 17-44). There were 30 live-born infants (30/151, 19.8%) in the study group (Table I) . Survival time varied between 10 minutes and 53 days. Mean birth weight was 1149 g (range 3.7-4180 g) in all NIHF cases. We found that 47% of the cases were female infants.
Etiology of NIHF could be identified in 91 cases (60.3%), while it remained undetermined in the remaining 60 cases, which were defined as idiopathic (Table II) . The most common etiological factor identified was cardiovascular diseases (11.3%), followed by chromosomal disorders (9.3%), cystic hygroma (7.3%), renal abnormalities (6.6%), and twin-to-twin transfusion syndrome (4.6%).
We chromosomal abnormalities, respectively. Table V shows "gestational-age related" distribution of chromosomal and structural abnormalities in addition to other etiological findings. We found that in 48 cases gestational age was ≤20 weeks, in 53 cases gestational age was 20-30 weeks, and in 50 cases gestational age was ≥30 weeks. Genetic abnormalities were noted to be more common before 20 weeks (p=0.001). Chromosomal abnormalities and cystic hygroma were found to be more frequent before the 20 th gestational week, while cardiac problems were more frequent during the later stages of pregnancy (Table V) , especially after the 30 th gestational week (p=0.007).
Placental examination was available in 41 of 89 cases in the last ten years. Hydropic changes in the placenta were present in 85% of them, and dystrophic calcifications were present in 31%. Three placenta examinations showed the findings that strengthened the diagnosis of twin to twin transfusions. Also, single umbilical artery in two placenta examinations and a giant chorioangioma in one were detected.
Discussion
NIHF is caused by several etiological factors, which could be related to maternal, fetal and/or placental causes. Impaired vascular permeability, and alterations in osmotic/oncotic pressure, lymphatic drainage, and venous pressure are described as the biological rationales to explain the occurrence of NIHF. 2, 14 Clinically, a prenatal ultrasonographic examination helps to detect NIHF. The most common abnormalities detected through ultrasonography are fetal ascites, pleural effusion, pericardial fluid accumulation, skin edema, placentomegaly, and polyhydramnios. 13, 15 In cases showing a high index of suspicion for NIHF, the obstetrician or perinatologist should consider further investigations to Meticulous and comprehensive ultrasonography is necessary to assess fetal morphology in addition to examination of the placenta, amniotic fluid, and vascular structures. 5, 11 Fetal echocardiography must be performed to assess cardiac anatomy and to evaluate for possible heart failure 1 . Doppler examination is an important test in all cases to evaluate fetal wellbeing and to predict fetal anemia 16 . Invasive procedures (amniocentesis or cordocentesis) are additional methods to detect fetal chromosomal abnormalities. 9, 17 Moreover, it is important to perform serological examination on maternal blood samples for evaluation of immunoglobulins or infectious agents. 10, 18 Furthermore, hereditary metabolic disorders and obstetrical complications (twinto-twin transfusion and placental masses) should be considered among potential etiologies of NIHF. 13, 19 Improved prenatal interventions secondary to technological advances have helped in better detection rates for this condition. Additionally, underlying etiologies can be identified through an autopsy in some cases.
In a recent study, we reported that overall mortality rate of NIHF cases is 78.2% (147 in the period 2001-2013) and autopsy results were accepted by the concerned families in 34% (50/115) of cases. 13 We identified at least one etiological factor of NIHF in 80% of the fetal autopsies that were performed.
In that study, we could additionally show that cardiovascular disorders were the most common (21.7%) etiological factor, while chromosomal abnormalities were the second most (12.8%) common etiological factor of NIHF. 13 Another study we performed has reported etiological and prognostic factors in live-born infants with HF at our tertiary intensive neonatal center between 2002 and 2011. 19 We found that an etiological factor could be identified in 70.5% of the infants diagnosed with NIHF, and that lymphatic dysplasia and cardiovascular disorders were the most common etiological factors (23.5% and 11.7%, respectively). Mortality rate of live-born infants diagnosed with NIHF was found to be 44.1% while this rate was 12.5% for lymphatic dysplasia associated with NIHF cases. 19 Similar results have been reported by various other authors. 3, 8, 20, 21 In this study, which evaluated the role and significance of a fetal autopsy in NIHF cases, we found that the most common etiological factor associated with this condition was cardiovascular disorders (11.3%) followed by chromosomal abnormalities (9.3%). Metabolic diseases can cause NIHF. This may be due to visceromegaly which can affect venous circulation in storage diseases. Hypersplenism which causes anemia, cardiac involvement and/ or hypoalbuminemia can also be the other reasons of NIHF in metabolic diseases. 21 There were 3 metabolic diseases related with NIHF (Niemann Pick disease type C in 1, lysosomal storage disease type 7 in 1 and Zellweger disease in 1) in our study which shows the importance of further investigation by fetal autopsy.
A wide spectrum of pathologies may cause impaired fetal hemodynamic status resulting in HF at different time points during gestation. 20 Chromosomal abnormalities have been reported to be the most common etiological factor associated with NIHF during the second trimester of pregnancy. 22 In our study as well, we demonstrated that chromosomal abnormalities were the predominant etiological factor leading to NIHF.
We propose that a fetal autopsy should not be restricted to only a histopathological evaluation but should also include genetic studies. Molecular and genetic studies associated with a fetal autopsy could prove to be a promising approach in the future with respect to management of such cases.
In conclusion, better genetic tests/genomic studies are required to improve the management of prenatally diagnosed NIHF cases.
